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ABSTRACT

Molybdenum disulfide, MoS,, is used as a catalyst in coal-oil coprocessing. For
most processas using molybdenum catalysts to be economical, the molybdenum must
be recovered and recycled. Chemical recovery schemes have been devised, but
typically recover only a fraction of the molybdenum. There are reports in the
literature that bacteria can oxidatively solubilize MoS:; (molybdenite) ore.
This paper reports the initial results of experiments where Thiobacillus ferro-
oxidans are shown to microbially solubilize MoS, present in coal liquefaction
catalyst residues. Small-scalé shake-flask experiments show that after leaching
of the catalyst residue by ILEFerrooxidans‘at pH ~2 for 6-7 weeks, as much -as
66-71% of the Mo can be solubilized. Analyses of the microbially-Teached
products and mass-balance calculations can account for 78-103% of the Mo
initially present in the coal liguefaction residue.

INTRODUCTION

Molybdenum disulfide is used as a catalyst in coal-oil coprocessing. It is
effective at concentrations as low as 200 ppm Mo by weight, based on coal
(ref. 1). Molybdenum is added to the coal in the form of agueous solutions of
ammonium heptamolybdate, (NHy) Mo 7024, or ammonium tetrathiomolybdate
(NH,) 2MoS, . The MoS, catalyst is then formed in situ at coal liquefaction con-
ditions at about 35Q9C, in the presence of hydrogen.

Even though MoS, is used at low concentrations, it is necessary to recover the
molybdenum so that it can be recycled. A chemical recovery scheme has been
developed (ref. 2). The coal liquefaction residue is first roasted (calcined).
Under these conditions, the mineral matter in the residue and the molybdenum
from the MoS, form compounds that are only partially soluble in ‘the agueous
NH; used to leach the roasted material. This résults in only a -partial recovery
of the molybdenum from the MoS, present in the «coal-oil coprocessing
liquefaction residue.

There.are reports in the literature (refs. 3-7) that bacteria can oxidatively
solubilize MoS, (molybdenite) ore. This paper reports on the wuse of
Thigbacillus ferrooxidans to aerobically solubilize MoS, present in a coal

Tiquefaction {(coprocessing) catalyst residue to facilitate recovery of the
mo 1ybdenum.

EXPERIMENTAL

Catalyst Residue: Two gallons of liquids produced from reaction of I1linois No.
6 hvB bituminous coal and Maya atmospneric tower bottoms under coprocessing con-
ditions (ref. l) were processed as shown in Figure 1. Approximately 100 grams
of catalyst residue that contained MoS;, obtained as the tetrahydrofuran-
insolubles, were dried in a vacuum oven at 100°C for 4 hours and then ground to
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pass a 60-mesh screen. Analysis of the catalyst residue (dome by Huffman
Laboratories, Inc., Golden, Colorado) is given in Table L.

Source of Microbes: Several strains of Thiobacillus ferrooxidans were obtained
from the Center for Bioprocessing Technology of the Idaho National Engineering
Laboratory (INEL). The original source of two of the strains (23270 and 13598P)
was the American Type Culture Collection. Two other strains, A6 and PH, were
obtained from Doris Thompson at INEL. The Bureau of Mines, Bruceton Research
Center, provided a sample of acid mine drainage muck, which was designated as
culture BOM and assumed to contain, inter alia, T. ferrooxidans.

In gemeral, the several strains of T. ferrooxidans were maintained on 9K or INEL
medium (see below). After the preliminary bioleaching experiments with catalyst
residue were completed, inocula were taken from these finished experiments to
start new bioleaching experiments. Thus, in some cases, the bacteria now being
used have been exposad to catalyst residue and/or molybdate leachate solutions
for as long as 6 months.

Preparation of Media: T. ferrcoxidans grow optimally at pH 2.0-2.5. After some
preliminary experiments, it was decided to use the 9K medium as described by
Silverman and lundgren (ref. 8). However, due to large amounts of ferric iron
precipitates on the glassware with the use of 9K, most additional work was done
with the INEL medium. The recipe (shown below) was .obtained through Idaho
National Engineering Laboratories, via Or. Paul Wichlacz (ref. 9).

Recipe for INEL Salts

To 1 liter of distilled water adjusted to pH 2.0 with'H,50., add:

0.15g

0.15 g

0.15 g

3.36 g

: 1.28 g
AT2(S0u)3°18H20 uuunnineininieieiiinneinenenannns 2.25 g
MnS0, -H,0 0.12 g

200 mb of the solution is removed. -Autoclave the remaining 800 mL portion
in ten flasks (250 mL size) with 80 mL in each. . Add' 7.46 g of .FeSQ4-7H,0
to the 200 mL :portion while stirring. ‘Filter sterilize the iron solution
and add 20 m_ aliquots to each 80 mL of sterile salts when cool.

8ioleaching experiments: The biocleaching experiments. were carried out in 250 ‘miL
Erlenmeyer flasks on a shaker (125 rpm) in an incubator maintained at 299C.
Catalyst residue (0.5g) was added to 100 mL of medium (pH = 2). This mixture
was then inoculated with 1 mL of the bacterial culture. After bacterial growth
and leaching for. 6-7 weeks, ‘the microbially-treated sample was .filtered and
worked up as’shown 'in Figure 2. The filtrates were analyzed for Mo by atomic
absorption ‘spectral analysis. The initial and final solid residues were
analyzed for molybdenum as follows. First, the sample was ashed in a muffle
furnace at 7500C. .The ash was fluxed in lithium tetraborate and then dissolved
in HC1. The HC1 solution was analyzed by AA according to ASTM D3682-87.

RESULTS AND:DISCUSSION

Results from small-scale shake-flask experiments are shown in Table 2. The
dates that the experiments were run are given :in parentheses above the column
headings..  [n these shake-flask experiments, which . demonstrate .the feasibility
of bioleaching MoSz, as much as 71% of the Mo ‘initially present in the catalyst
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residue was solubilized. Results of the control experiments given in Table 2
show that the amounts of Mo solubilized in the controls are low compared to
amounts of Mo solubilized in the microbial leaching experiments. In order to
estimate the ‘overall precision in these experiments, values calculated for the
mass balance for molybdenum are also shown in the sixth row of the table. For
the experiments described in Table 2, the amount of Mo found by analysis of
solutions B and D and of residue £ (see Figure 2) could account for 78 to 103%
of the molybdenum present in the original catalyst residue A.

These 1initial experiments, which show that some strains of Thiobacillus
ferrooxidans can solubilize MoS, when it is present in a residue from coal-ofl
coprocessing, also show that the other materials present in the residue do not
stop the bioleaching of the molybdenum. It 1is interesting to note that
molybdate concentrations in solution at the end of the experiments were as high
as 51 ppm. Reports in the literature (refs. 4-7, 10-12) suggest that a concen-
tration as:*low as 10 ppm molybdate is .toxic to T. ferrooxidans. However,
inocula taken from these high concentration molybdate flasks, and used in
subsequent experiments, proved viable and capable of additional bioleaching.
This would suggest that we have developed a strain of T. ferrooxidans that has
adapted to high molybdate concentrations. 8ut also, it is possible that the
condition designated as "toxic" to the bacteria might be better described as
"inhibitory."

Both media used (9K and INEL) contain ferrous iron, as does the liquefaction
catalyst residue. After bio-oxidation, this results in relatively high concen-
trations of ferric iron in the leachate solutions. We hypothesize that the
iron(II1) species present in solution form insoluble dron(III)molybdate
compounds, as depicted in Figure 2. After the microbially-leached solutions are
filtered, the iron(I11) molybdate present (mixed with the unreacted catalyst
residue in mixtures) was dissolved in 3N HCI. After filtration, this HCI1
solution (acid extract D) contains most of the molybdate that was formed during
the bioleaching. In the best result, solutions B and D together contain 71% of
the Mo solubilized from the MoS, initially present in the catalyst residue.

ACKNOWLEDGEMENTS

David Suhy and Eric Spama held appointments as Professional Interns at the
Pittsburgh Energy Technology Center. This intern program is administered for
the U.S. Department of Emergy by Oak Ridge Associated Universities, Oak Ridge,
Tennessee.

DISCLAIMER
Reference in this paper to any specific commercial product, process, or service,

is made to facilitate understanding and does not imply its endorsement or
favoring by the U.S. Department of Energy.

921




REFERENCES

1.

10.

11.

12.

Lett, R.G., Cugini, A.v., Utz, B.R., Krastman, D., Cillo, D.L., and Jin,
G6.T. 1989. Dispersed-Phase Catalyst Approaches in Coal Liquefaction and
Coprocessing. Sixth Joint U.S.-Korea Workshop on Coal Utilization
Technology, October 16-18, 1989, Seoul, Korea. '

Krastman, D., Utz, B.R., Cugini, A.V., and Llett, R.G. 1990. Dispersed
Phase Molybdenum Catalyst Recovery in Coprocessing. Preprints, Div. Fuel
Chem., Am. Chem. Soc., 35(2):570-576.

Bryner, L.C., and Anderson, R. 1957. Microorganisms in Leaching Sulfide
Minerals. Ind. Eng. Chem. 49:1721-1724.

Bﬁappu, R.B., Reynolds, D.H., and Roman, R.J. 1965. Molybdenum Recovery
from Sulfide and Oxide Ores. J. of Metals. 17:1199-1205.

Brierley, C.L. 1974, Molybdenite Leaching: Use of a High-Temperature
Microbe. J. Less Com. Met. 36:237-247.

Lyalikova, N.N., and Lebedeva, E.V. 1984. Bacterial Oxidation of
Molybdenum in Ore Deposits. Geomicrobiology Journal. 3:307-318.

Kelley, B.C. 1986. Biological Contributions to Mineral Cycling in Nature
with Reference to Molybdenum. Polyhedron. 5:597-606.

Silverman, M.P., and Lundren, D.G. 1959, Studies of the Chemoautotrophic
Iron Bacterium Ferrobacillus ferrooxidans I. An Improved Medium and
Harvesting Procedure for Securing High Yields. Journal of Bacteriology.
77:642-647.

Wichlacz, P.L., and Unz, R.F. 1985. Appl. Environmental Microbiology.
50:460-467. *

Tuovinen, 0.H., Niemeld, S.I., and Gyllenberg, H.G. 197l. Tolerance of
Thiobacillus ferrooxidans to Some Metals. Antonie Van Leeuwenhoek.
37:489-496.

Karavaikd, G.I., Dzhansugurova, R.S., and Pivovarova, T.A. 1989. Factors
Increasing Resistance of Thiobacillus ferrooxidans to Molybdenum.
Mikrobiologiya. 58:412-418.

Thompson, D.L., Wichlacz, P.L., and Bruhn, D.F. Heavy Metal Tolerance in
Thiobacillus ferrooxidans and Genus Acidiphilium, In Press.




TABLE 1. Analysis of the THF-Insoluble MoS2/Co-Processing Residue

Element

Carbon
Hydrogen
Oxygen (Direct)
Nitrogen
Sulfur

Iron
Molybdenum
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Coal Liquids

in THF
Coal Tetrahydrofuran
Liquids - > __Filtration
Product 5 THF: 1 CLP
(CLP) ~~ MoS, + Mineral Matter +

Insoluble Organic Matter
(Catalyst Residue A)

FIGURE 1. SEPARATION OF MoS, CATALYST RESIDUE FROM
COAL-OIL CO-PROCESSING LIQUIDS.

Catalyst Residue A

+ Medium ] Filter Thru .~ Fitrate B

+ Inoculum -

Shaken for X Weeks__' Whatman 42

2.5 Micron

Microbially —
Treated Residue +
Fe(IMolybdate
(Mixture C)

Acid Extract D \
Filter SN
HCI
65°C, 15 mins

FIGURE 2. SHAKE-FLASK BIOLEACHING OF MoS, CATALYST
RESIDUE: MASS BALANCE EXPERIMENTS.

Acid-Extracted
Residue E
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